Objective. Th17 cells have been demonstrated to play an important role in the onset and development of primary Sjögren's syndrome (pSS). In this study, we evaluated the expansion and clinical significance of circulating CD4+CD161+ T cell and its "effector" (CD4+CD25−CD161+ T cell) and "regulatory" (CD4+CD25+CD161+ T cell) subpopulations. Methods. Fifty-eight pSS patients and 16 healthy controls (HCs) were recruited in our study. The cell populations and intracellular IL-17 expression were analyzed by flow cytometry. The disease activity was evaluated by the EULAR-SS Disease Activity Index (ESSDAI). Autoantibodies were measured by ELISA or indirect immunofluorescence assay. Results. The CD161+ T cell fractions showed higher proportions of IL-17-producing cells. The frequencies of the overall CD4+CD161+ T cell population and its effector subset were positively correlated with disease activity parameters and more severe disease manifestations. A significant elevation of the CD4+CD25+CD161+ T cell subpopulation was observed in the peripheral blood of pSS patients compared to HCs and this subset showed decreased regulatory functions compared with the CD4+CD25+CD161− population. Conclusion. Circulating CD4+CD161+ T cell populations associated with pSS disease activity and severity. These cells might be involved in the development of pSS and could be potential therapeutic targets in the treatment of pSS.
Introduction
Primary Sjögren's syndrome (pSS) is a systemic autoimmune disease characterized by autoimmune damage of salivary glands (SG) and lacrimal glands that leads to dry-mouth and dry-eye symptoms. At least one-third of patients developed extraglandular cutaneous, pulmonary, renal, or neurological manifestations, which severely affected the quality of life and could cause lethal consequences [1, 2] . Comprehensive effects of immunological, genetical, and environmental factors are involved in the pathogenesis of pSS, whose exact etiology remains elusive.
It has been shown that various immune cell populations such as macrophages, dendritic cells, T cells, and B cells are involved in the pathogenesis of pSS [3] [4] [5] . A predominant presence of CD4+ T cells in inflammatory infiltrates in SG implied that T cell subsets might contribute to glandular damage in pSS [6, 7] . Th17 cells, which are characterized by the production of proinflammatory cytokine IL-17, have been proved to be involved in inflammation, autoimmunity, and glandular tissue damage in pSS [8] [9] [10] . It has been found that adoptive transfer of Th17 cells into the inducible IL-17A KO mice which are resistant to the induction of pSS could rapidly acquire a pSS profile [11] . In patients with pSS, presence of Th17 cells has been observed in inflamed tissues [12, 13] . In the salivary glands of pSS patients, Th17 cells were identified as the predominant infiltrating T cells [12] .
CD161, also known as KLRB1 (killer cell lectin-like receptor subfamily B, member 1), interacts with the ceramidegenerating enzyme acid sphingomyelinase and is involved in cellular signaling and activation [14, 15] . Recently, Cosmi et al. [16, 17] have shown that CD161 is the marker of all human IL-17-producing T cell subsets and human Th17 cells originate from the CD4+CD161+ T cell subset. Subsequent 2 Journal of Immunology Research studies have highlighted a pathogenic role of CD4+CD161+ T cells in rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA), Crohn's disease-associated perianal fistulas, and asthma [18] [19] [20] [21] . The frequency of circulating CD4+CD161+ T cells increases in RA patients and is positively correlated with the 28-joint disease activity score (DAS28), CRP, VAS score, and so forth [19] . The accumulation of CD161+ T lymphocytes was associated with CD patients with complex fistulizing perianal disease [21] .
According to CD25 expression, CD4+CD161+ T cells can be further divided into the "regulatory" (CD4+CD25+CD161+ T cell) and "effector" (CD4+CD25−CD161+ T cell) subpopulations. Recent studies in inflammatory arthritis have identified CD4+CD25+CD161+ T cells as the IL-17-producing Th17like Treg cells [22, 23] , which showed decreased suppressive activity and might contribute to autoimmunity in inflammatory sites. The CD4+CD25−CD161+ T effector cells do not possess suppressive function and might be pathogenic in autoimmune conditions due to their IL-17 production; however, there is no clinical and experimental data directly addressing this point.
In pSS, the clinical relevance of circulating CD4+CD161+ T cells and their subpopulations remain elusive. In this study, we evaluated the production of IL-17 of circulating CD4+CD161+ T cells in pSS and determined the levels of circulating CD4+CD161+ T cells and their two subsets (CD4+CD25+CD161+ T and CD4+CD25−CD161+ T) in pSS patients. We evaluated the levels of these cell populations and analyzed the clinical significance of these cell subsets. Our study showed that CD4+CD161+ T cell subsets are positively correlated with the disease activity and severity of pSS and may be potential therapeutic targets for the treatment of pSS.
Materials and Methods

Patients and Healthy Controls.
A total of 58 pSS patients of the Department of Rheumatology and Immunology, Peking University People's Hospital, were recruited in the study. All patients diagnosed as pSS fulfilled the 2002 American-European Consensus Group Criteria [1] and individuals combined with other rheumatic diseases were excluded. Disease activity was evaluated by ESSDAI. 16 healthy controls were collected from health physical examination personnel at the same hospital. There were no significant differences in the ages or sex ratios between the patient and control groups. This study was approved by the ethics committee of Peking University People's Hospital. Written consent was provided by all the patients recruited to donate their blood samples and clinical information in this study.
Flow Cytometry Analysis.
Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Hypaque density gradient centrifugation. For surface staining, PBMCs were stained for 30 min in the dark at 4 ∘ C with the monoclonal antibodies PE-CF594 mouse anti-human CD4 (BD Biosciences, San Diego, CA, USA), PE anti-human CD25 (BioLegend, San Diego, CA, USA), FITC anti-human CD161 (BioLegend), 7AAD (BD Pharmingen, San Diego, CA, USA), and CD45RO PE-Cy7 (BD Biosciences) or with FITC Mouse IgG1 isotype control (BioLegend) and Mouse IgG1 isotype control PE (eBioscience, San Diego, CA, USA). For intracellular staining of cytokines, incubate PBMCs in RPMI 1640 medium (Gibco, Life Technologies, Shanghai, China) in 5% CO 2 at 37 ∘ C, then stimulate these cells for 5 h, PBMCs were stimulated for 5 h with 50 ng/mL phorbol 12-myristate 13-acetate (PMA; Sigma-Aldrich, Steinheim, Germany) and 1 g/mL ionomycin (BD Pharmingen) in the presence of 10 g/mL Brefeldin-A (BFA; BioLegend) and subsequently fixed and permeabilized by Foxp3/Transcription Factor Staining Buffer Set (eBioscience). Then the cells were stained for 30 min away from the light at 4 ∘ C with anti-human IL-17A APC (eBioscience) or Mouse IgG1 Isotype Control APC (eBioscience).
T Cell Sorting and Suppression
Assay. CD4+CD25+ and CD4+CD25− T cells were enriched from PBMCs by magnetic cell sorting (StemCell Technologies, Vancouver, BC, Canada) and then stained with FITC anti-human CD161 (BioLegend) and sorted further into the CD161+ and CD161− fractions using a BD Aria II flow cytometer. The CD4+CD25+CD161+ or CD4+CD25−CD161+ T cells or CD4+CD25− T cells were cocultured with effector T cells (Teff, CD4+CD25− T) from the third-party healthy donors stained with CFSE (Invitrogen, CA, USA) together with the Treg Suppression Inspector beads (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). Their proliferation in 7 days was evaluated by flow cytometry.
Clinical Data Analysis.
The following features of pSS were included in this study: xerostomia, xerophthalmia, parotid gland enlargement, swollen and/or tender joints, interstitial lung diseases, anaemia (Hb < 115 g/L), leucopenia (white blood cell count <3,500/ L), and thrombocytopenia (platelet count <125,000/ L). All patients underwent extensive serological examinations, including tests of antinuclear antibody (ANA), anti-Ro/SSA antibody (anti-SSA), anti-La/SSB antibody (anti-SSB), anti--Fodrin antibody, rheumatoid factor (RF), complement component C3, complement component C4, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), immunoglobulin A (IgA), immunoglobulin G (IgG), immunoglobulin M (IgM), and -globulin. Anti--Fodrin antibody, C3, C4, IgA, IgG, and IgM were tested by ELISA with normal ranges of 0-18 U/mL, 0.79-1.52 G/L, 0.16-0.38 G/L, 0.82-4.53 G/L, 7.2-16.8 G/L, and 0.46-3.04 G/L. Anti-SSA and anit-SSB were measured by ELISA, ANA was measured by indirect immunofluorescence, and RF was measured by immune turbidimetry. Positive RFs were defined as values equal or more than 20 IU/mL. CRP was examined by immunonephelometry method and values equal or more than 8 mg/L were considered positive. The fractional percentage of -globulin was checked by performing serum protein electrophoresis with a normal range of 11.1-18.8%. The disease activity was evaluated using ESSDAI, a clinical index of disease activity measurement based on the assessment of 12 domains (constitutional, lymphadenopathy, glandular, articular, cutaneous, pulmonary, renal, muscular, Journal of Immunology Research 3 peripheral nervous system, central nervous system, hematological, and biological).
Statistical
Analysis. SPSS 13.0 for windows and GraphPad Prism 5 were used to analyze the data. Data were presented as mean ± standard deviation and statistical significance between two groups was assessed with the nonparametric Mann-Whitney test, paired -test, 2 test, logistic regression, and analysis of covariance (ANCOVA). Spearman's rank correlation coefficient was applied to calculate the correlations. A value of < 0.05 was considered to be significant. The cut-off values of T cell subsets were determined by receiver operating characteristics (ROC) curve.
Results
Characteristics of pSS Patients.
Demographic, clinical, and laboratory characteristics of pSS patients and healthy controls are shown in Table 1 . 58 pSS patients and 16 healthy controls with matched age and gender were recruited in this study (age: 57.84 ± 13.01 versus 51.59 ± 18.58, = 0.158; gender: = 0.524). The pSS patients had a mean disease duration of 7.51 years ranging from 1 to 30.67 and the mean ESSDAI score of these patients was 3.86 ranging from 1 to 9 (Table 1) .
The Phenotypic Characteristics of CD4+CD161+ T Cells in pSS Patients.
We assessed the intracellular IL-17 expression in circulating CD4+ T cells of pSS patients. Both of the CD161+ and CD161− subsets of CD4+ T cells expressed IL-17, while the percentage of IL-17-producing cells was significantly higher in the CD161+ fraction than in CD161− one (5.76±2.21 versus 2.24±0.94, = 0.0025, Figure 1(a) ). For the effector or regulatory subpopulation of CD4+CD161+ T cells, higher frequency of IL-17-producing cells was also detected when compared with their CD4+CD161− counterpart in pSS patients (5.52 ± 2.28 versus 2.30 ± 0.99, = 0.0058; 14.15 ± 7.95 versus 3.33 ± 1.96, = 0.0169, Figure 1(a) ). The IFN-production of CD4+CD161+ T cells was also evaluated. Similar to IL-17, IFN-was expressed by both of the CD161+ and CD161− subsets. Although IFN-expression was increased in CD161+ subset compared to the CD161− subsets, there was no statistical significance between the IFNproduction level of these two subsets (28.88 ± 9.04 versus 43.02 ± 15.67, > 0.05, Figure 1 
We also compared IL-17 and IFN-gamma production of CD4+CD161+ T cells in pSS patients and healthy controls. The IL-17 expression in both CD4+CD161+ and CD4+CD161− T cells was higher in pSS patients than in healthy controls, but it did not reach statistical significance (IL-17, pSS versus HC: CD161−2.53 ± 1.29 versus 1.86 ± 1.39, = 0.4641; CD161+ 5.29±2.37 versus 3.98±2.61, = 0.4318). For IFN-gamma production we did not detect any difference between pSS and HC patients in these two T cell subsets (IFNr, pSS versus HC: CD161−28.78 ± 10.23 versus 29.18 ± 8.64, = 1.0000; CD161+ 47.82 ± 11.80 versus 43.18 ± 15.59, = 0.8413).
According to the study by Cosmi et al., Th17 cells mainly originated from the CD4+CD161+ T cell precursors [16] . To further identify whether the CD4+CD161+ T cell subset actively producing IL-17 in this study has already attained the memory phenotype or not, we analyzed the cell-surface expression of CD45RO on these cells from pSS patients. Both of the CD161+ and CD161− subsets expressed CD45RO, while most of the CD4+CD161+ T cells were CD45RO+ cells, compared with the CD161− ones (92.74 ± 4.28 versus 55.98 ± 12.80, = 0.0079, Figure 2 ), which clearly showed that nearly all the CD4+CD161+ T cells were memory T cells.
Levels of Circulating CD4+CD161+ T Cell Subsets in pSS Patients. We evaluated the levels of CD4+CD161+ T cells and their two subpopulations in PBMCs of pSS patients and HCs by flow cytometry (Figures 3(a)-3(c)
). Compared with HCs, the pSS patients showed a significant increase of circulating CD4+CD25+CD161+ T cell subset (13.04 ± 7.32 versus 4.60 ± 1.05, < 0.0001, Figure 3(d) ), while the levels of CD4+CD25−CD161+ T and the overall CD4+CD161+ T in PBMCs were not significantly different between the pSS patients and HCs (both > 0.05, Figures 3(e) and 3(f)).
Correlation between Clinical and Laboratory Characteristics in pSS Patients and CD4+CD161+ T Cell Subsets.
Three cut-off values were determined by ROC analysis to distinguish pSS patients with overelevated CD161+ T cell subsets from those bearing normal CD161+ T cell subset levels comparable to the healthy controls (6.70% for CD4+ CD25+CD161+ T cells, 17.79% for CD4+CD25−CD161+ T cells, and 17.66% for overall CD4+CD161+ T cells; Table 2 ). According to the cut-off value, CD4+CD161+ T cells and their two subpopulations were divided into the elevated group and the normal group, respectively. * For the overall CD4+CD161+ T cells, it was found that their level was associated with increased ESR ( 2 = 5, 346, = 0.021) even with further multivariate analysis ( = 0.020). We subsequently analyzed the correlation between CD4+CD161+ T cells and laboratory features of pSS. As shown in Table 3 and Figure 4 , CD4+CD161+ T was positively correlated with ESR ( = 0.2776, = 0.0349) or platelet reduction ( = −0.2736, = 0.0413). This subset also showed a tendency of correlation with anti-SSB levels ( = 0.2498, = 0.0586) at the border of statistical significance. The percentages of CD4+CD161+ T cells were then compared between patient groups with or without autoimmune clinical and laboratory features. Patients with thrombocytopenia, ANA positivity, increased ESR, elevated -globulin, or ESSDAI ≥ 4 showed higher proportions of CD4+CD161+ T (22.21 ± 10.69% versus 15.95 ± 6.95%, = 0.013; 18.56 ± 8.71% versus 12.03 ± 4.33%, = 0.043; 20.53 ± 9.35% versus 14.86 ± 6.48%, = 0.012; 19.20 ± 9.49% versus 14.73 ± 5.36%, = 0.026; 19.71 ± 9.77% versus 15.30 ± 6.18%, = 0.049; Table 4 , Figures 5(a)-5(e)). Further multivariate analysis still showed that patients with increased ESR had significantly higher proportion of CD4+CD161+ T cell ( = 0.005), which implicated the proinflammatory role of this cell subset.
The clinical relevance of the effector and regulatory subsets of CD4+CD161+ T cells was evaluated by the same analysis. Although the regulatory subset (CD4+CD25+CD161+ T cells) of CD4+CD161+ T cells was significantly elevated in pSS patients, the clinical relevance analysis did not show any significant association of this subset with the clinical and laboratory features of pSS (Tables 2, 3 , and 4). The effector subset (CD4+CD25−CD161+ T cell) showed remarkably similar clinical relevance pattern to the whole CD4+CD161+ T cells. Associations were also found between the effector subset and increased ESR ( = 0.010). Furthermore, a positive correlation was verified between this subpopulation and ESR ( = 0.3145, = 0.0162). A tendency of mild positive correlation between this subset and anti-SSB levels ( = 0.2562, = 0.0523) or platelet reduction ( = −0.2562, = 0.0566) was also observed (Table 3, Figure 4 ). Patients with thrombocytopenia, increased ESR, elevatedglobulin, or ESSDAI ≥ 4 possessed higher proportions of effector subset than those without the characteristic above in univariate analysis (22.43 ± 11.37% versus 16.09 ± 7.30%, = 0.018; 20.83 ± 9.66% versus 14.74 ± 6.96%, = 0.010; 19.54±10.00% versus 14.47±5.07%, = 0.013; 20.11±10.37% versus 15.13 ± 6.02%, = 0.032; Table 4 , Figures 5(f)-5(i)). However, no statistical significance was observed when further multivariate analysis was performed.
Impaired Regulatory Functions of CD4+CD25+CD161+ T Cells in pSS Patients. Foxp3 and Helios are key transcription factors of regulatory T cell function and development. Foxp3
is the master regulator of the Treg lineage, and Helios is the specific transcription factor and marker for natural Tregs which develop in thymus and keep a more stable regulatory phenotype than the induced Tregs developing in the peripheral blood. The expression of the two functional regulators was evaluated in both CD4+CD25+CD161+ and CD4+CD25+CD161− T cells of pSS patients. It was showed that CD4+CD25+CD161+ T cells expressed significantly lower Foxp3 and Helios than CD4+CD25+CD161− subpopulation (49.20 ± 14.23 versus 19.75 ± 6.77, 41.04 ± 15.33 versus 13.17 ± 6.64, < 0.05, Figures 6(a) and 6(b)), which implicated that the CD4+CD25+CD161+ T cells might process decrease of immunoregulatory functions compared with CD4+CD25+CD161− T cells.
We further compared the expression levels of Figures 1 and 2) . This finding suggested an increase of Treg frequency took place in pSS conditions, which might reflect the negative feedback to T cell responses to downregulate the autoimmunity.
CD4+CD25+CD161− T cells from pSS patients had significantly elevated Foxp3 or Helios expression levels (Supplementary
To directly assess the regulatory function of these T cell subsets, in vitro suppression assay was performed. Although CD4+CD25+CD161+ T cells from pSS patients retained suppressive activity on CD4+CD25− effector T cell proliferation, they showed decreased suppression on CD4+CD25− effector T cell proliferation compared with the CD4+CD25+CD161− T cells, which confirmed the impaired regulatory function of this inflammatory cytokine producing Treg subset (Figure 7 ).
Discussion
Th17 cells have been proved to contribute to autoimmune responses and tissue destruction in rheumatic diseases [24, 25] . Recent studies have highlighted the pathogenic role of Th17 cells in pSS [26] [27] [28] . IL-17 might launch local inflammatory responses and further induce production of a variety of proinflammatory cytokines in pSS. Apart from this, Th17 cells have been proved to be involved in pathogenesis of pSS by producing IL21 [29] [30] [31] [32] and IL22 [27] and upregulate matrix metalloproteinases (MMPs) [33, 34] . Circulating IL22 was significantly elevated in pSS and showed significant correlations with major characteristics such as xerostomia, anti-SSB, rheumatoid factor, and hypergammaglobulinemia [35] . Th17 cells are also highly effective B cell helpers not only inducing a strong proliferative response of B cells in vitro but also triggering antibody production with class switch recombination in vivo, via the B cell stimulating functions of IL-17 and IL21 [36] . As the IL-17-producing cells, clinical relevance of CD4+CD161+ T cells has been addressed in several rheumatic diseases. Cosmi et al. have found the frequencies of CD4+CD161+ cells in the JIA synovial fluid are positively correlated with ESR and levels of CRP [18] . Maggi et al. have proved that CD4+CD161+ T lymphocytes infiltrate Crohn's disease-associated perianal fistulas and are reduced by anti-TNF local therapy [21] .
Besides the roles of pathogenic cell subsets such as Th17 in pSS development, abnormal cytokine production in pSS has been investigated for years. Early studies revealed that IFNelevation will cause epithelium destruction in targeted glands in pSS, and pSS was considered as a Th1 driven disease for a long time [37] . The elevation of BAFF was also proved to be one of the main reasons for the overactivation of B cells in pSS [38, 39] . Recent studies identified the high expression of Th17 related cytokines in peripheral blood or salivary glands from pSS patients, which included IL-17, IL-6, IL-21, IL-22, and IL-23 [26] [27] [28] 37] . The concurrent presence of these Th17 cytokines stabilized Th17 phenotype and will trigger the downstream inflammatory events.
In this study, we found that most of the CD4+CD161+ T cells are CD45RO+ memory T cells. This suggested that CD4+CD161+ T cells had gone through antigen activation in pSS and could respond to the antigens released by target organs of pSS. This study examined the intracellular IL-17 and IFN-expression in pSS patients and verified that CD161+ subpopulation was more capable of producing IL-17 than its CD161− counterparts. This observation was in agreement with previous studies that CD161+ T cells contain the majority of human Th17 cells [18] [19] [20] [21] . It was also shown that CD4+CD161+ T cells expressed more IFN-than the CD4+CD161− T cells, though the difference did not reach statistical significance, which was in accordance with the previous observation that CD161+ T produces significantly more IFN-than the CD161− subset in asthma [40] . Since both IFN-and IL-17 could promote the development of pSS [13, 28, 37, 41] , CD4+CD161+ T cells would contribute to pSS pathogenesis at least by expressing these proinflammatory cytokines. Besides proinflammatory cytokine expression, the migratory capacity of CD161+ T cells had been reported by previous studies [42] . These cells could migrate to inflammatory tissues due to expression of specific chemokines like lectin-like transcript 1 or chemokine receptors such as CXCR16 or CD161 itself [43] . Once the CD161+ T cells located in the inflammatory tissues, they may function like Th17 or Th1 to enhance autoimmunity or take part in tissue damage by direct interactions with local tissue components. A recent study also reported the CD161+ Th17 lineage cells are resistant to regulatory T cell-mediated suppression in the context of autoimmunity [44] . The exact pathogenic roles they play in targeted tissues are still elusive now and need to be exploited in the future studies.
We further revealed the clinical significance of CD4+CD161+ T cell subsets in pSS for the first time, especially focusing on the correlation between these subsets and pSS disease activity parameters. The circulating CD4+CD161+ T cell levels were positively correlated with ESR, thrombocytopenia, and anti-SSB in pSS. Patients with ANA or elevated -globulin also showed higher levels of CD4+CD161+ T cells. More circulating CD4+CD161+ T cells were found in patients with higher disease activity (ESSDAI ≥ 4) than patients with lower disease activity. Further multivariate analysis confirmed the association of CD4+CD161+ T cells with inflammatory markers like increased ESR. These results suggest that IL-17-producing CD4+CD161+ T cells might play a role in the inflammation development and B cell activation in pSS, at least by the effects of IL-17, though no significant difference of their levels was observed between patients with pSS and HCs.
CD25 has been identified as the key surface marker of regulatory T cells (Tregs). CD4+CD25 bright Treg cells play antiinflammatory and immunosuppressive roles in pSS [45] . Our recent finding has reported that CD161 expression defined an IL-17-producing Treg subset which might be pathogenic in inflammatory articular sites in rheumatoid arthritis [22] . Therefore, in this study we further analyzed two subsets of CD4+CD161+ T cells (we named them effector and regulatory subpopulation), which were characterized by the absence or presence of CD25 expression on cell surfaces. In both two fractions, the frequencies of CD161+ subsets were compared 10 Journal of Immunology Research between pSS patients and HCs. CD4+CD25−CD161+ T, the effector subpopulation, the majority of CD4+CD161+ T cells, showed similar clinical relevance to the overall CD4+CD161+ T cells in pSS, either in distribution in peripheral blood between patients and HCs or in correlations with disease activity parameters. CD4+CD25+CD161+ T cells, the regulatory subset of CD4+CD161+ T cells, significantly increased in pSS patients and the ratio of IL-17-producing cells of this subset was much higher than that in the overall CD4+CD161+ T cells (14.15 ± 7.95% versus 5.76 ± 2.21%, = 0.034) and CD4+CD25−CD161+ subset (14.15 ± 7.95% versus 5.52 ± 2.28%, = 0.032), which might implicate that abnormal Treg functions could take place in pSS. The regulatory function of the "regulatory" subset of CD4+CD161+ T cells was also evaluated in this study. CD4+CD25+CD161+ T cells expressed significant lower Foxp3 and Helios than the CD4+CD25+CD161− subset, and in vitro suppression assay directly showed decreased suppression activity of the CD161+ Treg subset. These results indicated that CD4+CD25+CD161+ T cells processed impaired regulatory function when they actively produced more proinflammatory cytokines like IL-17, which implicated that they might play pathogenic roles in pSS. However, no significant association between this subset and clinical features was identified. This may be caused by the relatively smaller percentages of this cell subset. Since the CD4+CD25+CD161+ T cells are rare, their overall contribution to pSS disease development might not be so obvious. On the other hand, the limited sample number recruited in this study might be another reason for the lack of statistical significance. Further studies are needed to elucidate the exact roles of this IL-17-producing Treg subset in pSS.
Conclusions
In this study, we determined the levels of circulating CD4+CD161+ T cells and their "regulatory" (CD4+CD25+ CD161+ T cell) and "effector" (CD4+CD25−CD161+ T cell) subpopulations in patients with pSS and analyzed the clinical significance of the CD4+CD161+ T cell subsets in pSS for the first time. This study showed that CD4+CD161+ T cell subpopulations were more capable of producing IL-17 than their CD161− counterparts. CD4+CD25+CD161+ T cells, the regulatory subset of CD4+CD161+ T cells, significantly increased in pSS patients, which showed abnormality in Treg functions. The circulating CD4+CD161+ T cell levels
